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(67)  Embodiments of the present invention relate to
the field of photoelectric technologies, and provide a
method for controlling photovoltaic power generation, a
control device, and a photovoltaic power generation sys-
tem, so that when blocking ora componentfailure occurs,
an optimizer in the photovoltaic power generation system
can rapidly adjust an output voltage reference value,
thereby preventing a power generation capacity of the
system from being affected. The method is applied to the
photovoltaic power generation system. The system in-
cludes at least one photovoltaic string and a control de-
vice, the photovoltaic string includes at least one photo-

Control device

101. A control device sends an output voltage
reference value update instruction to an optimizer in
— each photovoltaic string, where the output voltage
reference value update instruction is used to instruct the
optimizer to update an output voltage reference value of
the optimizer according to the instruction

FIG. 2

voltaic module, each photovoltaic module includes a pho-
tovoltaic unit and an optimizer that is connected to the
photovoltaic unit, and the photovoltaic unit includes at
least one photovoltaic component. The method includes:
periodically sending, by the control device, an output volt-
age reference value update instruction to an optimizer in
each photovoltaic string; and receiving, by the optimizer
in each photovoltaic string, the output voltage reference
value update instruction, and updating an output voltage
reference value according to the output voltage reference
value update instruction.

Optimizer

—>

102. The optimizer
receives the output
voltage reference value
update instruction
delivered by the control
device, and updates the
output voltage reference
value of the optimizer
according to the output
voltage reference value
update instruction
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Description

[0001] This application claims priority to Chinese Pat-
ent Application No. 201710400777.0, filed with the Chi-
nese Patent Office on May 31, 2017 and entitled "METH-
OD FOR CONTROLLING PHOTOVOLTAIC POWER
GENERATION, CONTROL DEVICE, AND PHOTO-
VOLTAIC POWER GENERATION SYSTEM", which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present invention relate to
the field of photoelectric technologies, and in particular,
to a method for controlling photovoltaic power genera-
tion, a control device, and a photovoltaic power genera-
tion system.

BACKGROUND

[0003] A photovoltaic power generation system is a
power generation system that converts solar energy into
electrical energy after receiving light, and usually in-
cludes a plurality of photovoltaic components that are
connected in series or in parallel in a particular combi-
nation. The photovoltaic components are mounted out-
doors, and are usually blocked, aged, or the like. This
significantly affects a power generation capacity of the
entire photovoltaic power generation system. An optimiz-
er may be connected to each photovoltaic component in
the photovoltaic power generation system, and the opti-
mizer can convert an input voltage/current of the photo-
voltaic componentinto different output voltages/currents,
to prevent the power generation capacity from being af-
fected by factors such as blocking and aging, thereby
improving power generation efficiency of the system to
the utmost.

[0004] To ensure that a sum of output voltages of op-
timizers is less than a system voltage, different output
voltage reference values need to be set for optimizers
with different power. In addition, when some photovoltaic
components are disconnected when failures occur or are
connected when recovering from failures, the output volt-
age reference values of the optimizers need to be ad-
justed based on a change in a quantity of powered-on
photovoltaic components in the system.

[0005] In the prior art, the photovoltaic power genera-
tion system has a central control unit that collects working
information of all optimizers at scheduled time, including
a voltage, a current, power, a temperature, and the like,
uniformly processes the working information to calculate
the output voltage reference values of the optimizers,
and delivers the output voltage reference values of the
optimizers one by one to the optimizers. The optimizers
receive the output voltage reference values of the opti-
mizers and adjust a working state based on the new out-
put voltage reference values. However, an increased
quantity of optimizers indicates more information to be
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collected by the central control unit and a larger calcula-
tion amount. When blocking or a component failure oc-
curs, because a large amount of calculation consumes
a relatively long time, the central control unit needs to
wait for a very long time before delivering the output volt-
age reference values to the optimizers. Consequently,
an adjustment process of each optimizer in the system
is slow, leading to a significant loss of the power gener-
ation capacity.

SUMMARY

[0006] This application provides a method for control-
ling photovoltaic power generation, a control device, and
a photovoltaic power generation system, so that when
blocking or a component failure occurs, an optimizer in
a photovoltaic power generation system can rapidly ad-
just an output voltage reference value, thereby prevent-
ing a power generation capacity of the system from being
affected.

[0007] To achieve the foregoing objective, the follow-
ing technical solutions are used in this application.
[0008] According to a first aspect, a method for con-
trolling photovoltaic power generation is disclosed. The
method is applied to a photovoltaic power generation sys-
tem, where the photovoltaic power generation system
includes at least one photovoltaic string and a control
device, the photovoltaic string includes at least one pho-
tovoltaic module, each photovoltaic module includes a
photovoltaic unit and an optimizer that is connected to
the photovoltaic unit, and the photovoltaic unit includes
at least one photovoltaic component. The method in-
cludes: periodically sending, by the control device, an
output voltage reference value update instruction to the
optimizer, where the output voltage reference value up-
date instruction is used to instruct the optimizer to update
an output voltage reference value; and receiving, by the
optimizer, the output voltage reference value update in-
struction, and updating the output voltage reference val-
ue according to the output voltage reference value up-
date instruction.

[0009] When a photovoltaic component is blocked or
a photovoltaic component failure occurs, because a BUS
of the system remains unchanged, an output voltage of
an abnormal optimizer (an optimizer to which the blocked
photovoltaic component is connected) is reduced, and
an output voltage of a normal optimizer (an optimizer to
which a non-blocked photovoltaic componentis connect-
ed) is increased. When the output voltage of the normal
optimizer reaches the output voltage reference value, the
normal optimizer exits an MPPT state and enters a power
limiting state, so that an output power of the optimizer is
reduced, and an output power of the entire photovoltaic
power generation system is also reduced. In the prior art,
a control unit needs to wait for a very long time before
delivering a new output voltage reference value to an
optimizer. Consequently, an adjustment process of each
optimizer in the system is slow, leading to a significant
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loss of a power generation capacity. In this application,
however, the control device periodically delivers an out-
put voltage reference value update instruction to the op-
timizer, so that when the foregoing failure occurs, the
optimizer can rapidly adjust the REF (that is, the output
voltage reference value) according to the received output
voltage reference value update instruction, and the opti-
mizer enters the MPPT state again to recover to original
output power. In this way, the power generation capacity
of the entire photovoltaic power generation system can
be prevented from being affected by a single-pointfailure.
[0010] With reference to the first aspect, in a first pos-
sible implementation of the first aspect, the optimizer is
a DC/DC converter, and a topology of the optimizer is
any one of Buck, Boost, Buck-Boost, and Boost-Buck.
[0011] Withreference to the first aspect or the first pos-
sible implementation of the first aspect, in a second pos-
sible implementation of the first aspect, the photovoltaic
power generation system includes at least two photo-
voltaic strings connected in parallel. Output ends of op-
timizers in each photovoltaic string are successively con-
nected in series. An output of an inverter is connected to
a power grid or a load. The power of the photovoltaic
power generation system is directly proportional to a
quantity of the atleast two photovoltaic strings connected
in parallel.

[0012] In other words, in a same photovoltaic string,
an optimizer is connected to at least one photovoltaic
component to form a photovoltaic module, neighboring
photovoltaic modules are connected in series by using
output ends of optimizers, and neighboring photovoltaic
strings are connected in parallel by using the output ends
of the optimizers. A larger quantity of photovoltaic strings
indicates a larger quantity of optimizers in the photovolta-
ic strings and greater output power of the photovoltaic
power generation system.

[0013] With reference to any one of the first aspect or
the possible implementations of the first aspect, in a third
possible implementation of the first aspect, a communi-
cation manner between the control device and the opti-
mizer is a wired communication manner or a wireless
communication manner.

[0014] In other words, the control device may deliver
the output voltage reference value update instruction to
the optimizer in a wired communication manner, or may
deliver the output voltage reference value update instruc-
tion to the optimizer in a wireless manner.

[0015] With reference to any one of the first aspect or
the possible implementations of the first aspect, in a
fourth possible implementation of the first aspect, the out-
put voltage reference value update instruction is a status
parameter identifier, and the status parameter identifier
is used to instruct the optimizer to update the output volt-
age reference value based on a preset adjustment coef-
ficient; or the output voltage reference value update in-
struction carries an adjustment coefficient determined by
the control device, so that the optimizer updates, after
receiving the output voltage reference value update in-
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struction, the output voltage reference value based on
the adjustment coefficient that is determined by the con-
trol device before the control device sends the output
voltage reference value.

[0016] In other words, when the output voltage refer-
ence value update instruction is a status parameter iden-
tifier, no adjustment coefficient is carried in the instruc-
tion, and an adjustment coefficient K is fixed. When the
output voltage reference value update instruction carries
an adjustment coefficient, the adjustment coefficient K is
adjustable, and the optimizer may calculate a new output
voltage reference value REF based on an actual current
output voltage and the adjustment coefficient.

[0017] Accordingtoasecond aspect,a method for con-
trolling photovoltaic power generation is disclosed. The
method is applied to a photovoltaic power generation sys-
tem, where the photovoltaic power generation system
includes at least one photovoltaic string and a control
device, the photovoltaic string includes at least one pho-
tovoltaic module, each photovoltaic module includes a
photovoltaic unit and an optimizer that is connected to
the photovoltaic unit, and the photovoltaic unit includes
at least one photovoltaic component. The method in-
cludes:

periodically sending, by the control device, an output volt-
age reference value update instruction to the optimizer,
where the output voltage reference value update instruc-
tion is used to instruct the optimizer included in each pho-
tovoltaic string in the photovoltaic power generation sys-
tem to update an output voltage reference value.
[0018] With reference to the second aspect, in a first
possible implementation of the second aspect, the output
voltage reference value update instruction is a status pa-
rameter identifier, and the status parameter identifier is
used to instruct the optimizer to update the output voltage
reference value based on a presetadjustment coefficient.
[0019] With reference to the second aspect and the
first possible implementation of the second aspect, in a
second possible implementation of the second aspect,
before the periodically sending, by the control device, an
output voltage reference value update instruction to the
optimizer, the method further includes: determining, by
the control device, an adjustment coefficient correspond-
ing to the optimizer, where the adjustment coefficient is
used to instruct the optimizer to update the output voltage
reference value based on the adjustment coefficient.
[0020] With reference to any one of the second aspect
and the possible implementations of the second aspect,
in a third possible implementation of the second aspect,
the output voltage reference value update instruction car-
ries an adjustment coefficient.

[0021] According to a third aspect, a control device is
disclosed, including: a sending unit, configured to peri-
odically send an output voltage reference value update
instruction to an optimizer, where the output voltage ref-
erence value update instruction is used to instruct the
optimizer to update an output voltage reference value.
The optimizer is deployed in a photovoltaic power gen-
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eration system, the photovoltaic power generation sys-
temincludes at least one photovoltaic string and a control
device, the photovoltaic string includes at least one pho-
tovoltaic module, each photovoltaic module includes a
photovoltaic unit and an optimizer that is connected to
the photovoltaic unit, and the photovoltaic unit includes
at least one photovoltaic component.

[0022] With reference to the third aspect, in a first pos-
sible implementation of the third aspect, the output volt-
age reference value update instruction is a status param-
eter identifier, and the status parameter identifier is used
to instruct the optimizer to update the output voltage ref-
erence value based on a preset adjustment coefficient.
[0023] With reference to the third aspect and the first
possible implementation of the third aspect, in a second
possible implementation of the third aspect, the control
device further includes a determining unit. The determin-
ing unit is configured to: before the sending unit period-
ically sends an output voltage reference value update
instruction to the optimizer, determine an adjustment co-
efficient corresponding to the optimizer, where the ad-
justment coefficient is used to instruct the optimizer to
update the output voltage reference value based on the
adjustment coefficient.

[0024] With reference to the third aspect and the sec-
ond possible implementation of the third aspect, in a third
possible implementation of the third aspect, the output
voltage reference value update instruction carries an ad-
justment coefficient.

[0025] According to a fourth aspect, a photovoltaic
power generation system is disclosed. The photovoltaic
power generation system includes at least one photo-
voltaic string and a control device, the photovoltaic string
includes at least one photovoltaic module, each photo-
voltaic module includes a photovoltaic unit and an opti-
mizer that is connected to the photovoltaic unit, and the
photovoltaic unit includes at least one photovoltaic com-
ponent. The control device is configured to periodically
send an output voltage reference value update instruc-
tion to an optimizer in each photovoltaic string, where the
output voltage reference value update instruction is used
to instruct the optimizer in each photovoltaic string to up-
date an output voltage reference value. The optimizer is
configured to: receive the output voltage reference value
update instruction, and update the output voltage refer-
ence value according to the output voltage reference val-
ue update instruction.

[0026] When a photovoltaic component is blocked or
a photovoltaic component failure occurs, because aBUS
of the system remains unchanged, an output voltage of
an abnormal optimizer (an optimizer to which the blocked
photovoltaic component is connected) is reduced, and
an output voltage of a normal optimizer (an optimizer to
which a non-blocked photovoltaic componentis connect-
ed) is increased. When the output voltage of the normal
optimizer reaches the output voltage reference value, the
normal optimizer exits an MPPT state and enters a power
limiting state, so that output power of the optimizer is
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reduced, and an output power of the entire photovoltaic
power generation system is also reduced. In the prior art,
a control unit needs to wait for a very long time before
delivering a new output voltage reference value to an
optimizer. Consequently, an adjustment process of each
optimizer in the system is slow, leading to a significant
loss of a power generation capacity. In this application,
however, the control device periodically delivers an out-
put voltage reference value update instruction to the op-
timizer, so that when the foregoing failure occurs, the
optimizer can rapidly adjust the REF (that is, the output
voltage reference value) according to the received output
voltage reference value update instruction, and the opti-
mizer enters the MPPT state again to recover to original
output power. In this way, the power generation capacity
of the entire photovoltaic power generation system can
be prevented from being affected by a single-point failure.

BRIEF DESCRIPTION OF DRAWINGS
[0027]

FIG. 1 is a schematic architectural diagram of an
existing photovoltaic power generation system;
FIG. 2 is a flowchart of a method for controlling pho-
tovoltaic power generation according to an embod-
iment of the present invention;

FIG. 3is another flowchart of a method for controlling
photovoltaic power generation according to an em-
bodiment of the present invention;

FIG. 4 is another flowchart of a method for controlling
photovoltaic power generation according to an em-
bodiment of the present invention;

FIG. 5 is a schematic diagram showing that a pho-
tovoltaic component is blocked according to an em-
bodiment of the present invention;

FIG. 6 is a schematic structural diagram of a control
device according to an embodiment of the present
invention;

FIG. 7 is another schematic structural diagram of a
control device according to an embodiment of the
present invention; and

FIG. 8 is another schematic structural diagram of a
control device according to an embodiment of the
present invention.

DESCRIPTION OF EMBODIMENTS

[0028] The following describes the technical solutions
in the embodiments of the present invention in detail with
reference to the accompanying drawings in the embod-
iments of the present invention.

[0029] A photovoltaic power generation system con-
verts solar energy into electrical energy after receiving
light. As shown in FIG. 1, a current photovoltaic power
generation system includes: a photovoltaic (PV) compo-
nent 10, an optimizer (Optimizer) 20, an inverter (Invert-
er) 30, and a power grid (Grid) 40. The photovoltaic com-
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ponent 10 is configured to convert solar energy into elec-
trical energy. An output end of the photovoltaic compo-
nent 10 is connected to an input end of the optimizer 20,
to adjust an output voltage of the photovoltaic compo-
nent, thereby having a function of voltage increasing or
reducing. The inverter 30 manages all optimizers togeth-
er. The inverter 30 implements direct current (DC)/alter-
nating current (AC) conversion, to invert a direct current
into an alternating current and send the alternating cur-
rent to the power grid 40.

[0030] Specifically, as shown in FIG. 1, the photovolta-
ic power generation system may be divided into a pho-
tovoltaic string, a control device (which may be the fore-
going inverter) and a power grid. Specifically, one pho-
tovoltaic power generation system may include at least
one photovoltaic string, and the photovoltaic string is con-
nected in parallel. Each photovoltaic string includes at
least one photovoltaic module, each photovoltaic module
includes a photovoltaic unit and an optimizer that is con-
nected to the photovoltaic unit, and the photovoltaic unit
includes at least one photovoltaic component. An output
voltage of the at least one photovoltaic string is referred
to as a BUS voltage. In addition, an output of the at least
one photovoltaic string is connected to an input end of
the inverter, and an output end of the inverter is connect-
ed to the power grid.

[0031] Photovoltaic modules in one photovoltaic string
are successively connected in series, and 5 to 25 pho-
tovoltaic modules may be connected in series in one pho-
tovoltaic string. Usually, each photovoltaic module in-
cludes a photovoltaic unit and an optimizer that is con-
nected to the photovoltaic unit. The photovoltaic unit in-
cludes at least one photovoltaic component, the photo-
voltaic unit is connected to an input end of the optimizer,
and output ends of all optimizers are connected in series
to each other. Specifically, the optimizer has two output
ends: a positive output end and a negative output end.
A voltage between a positive output end of a first opti-
mizer in the photovoltaic string and a negative output end
of a last optimizer in the photovoltaic string is the fore-
going BUS voltage. Moreover, in the photovoltaic string,
a connection relationship between optimizers other than
the first optimizer and the last optimizer is specifically as
follows: A positive output end of an optimizeris connected
to a negative output end of an optimizer ahead of the
optimizer, and a negative output end of the optimizer is
connected to a positive output end of an optimizer fol-
lowing the optimizer.

[0032] It should be noted that, in a same photovoltaic
power generation system, quantities of photovoltaic
modules included in different photovoltaic strings are al-
lowed to be different, and power of photovoltaic compo-
nents is also allowed to be different. For example, differ-
ent power differences are caused when models of pho-
tovoltaic components are different or when photovoltaic
components are affected by external factors such as light
and blocking. A photovoltaic component or an optimizer
in which a failure occurs may be disconnected from the

10

15

20

25

30

35

40

45

50

55

entire photovoltaic power generation system or may be
connected when recovering from the failure.

[0033] Forease of understanding, some terms used in
the present invention are described:

1. An output voltage reference value (REF for short)
of an optimizer refers to a setpoint of an output volt-
age loop of the optimizer, and may be understood
as that it is expected that an output voltage of the
optimizer is maintained at the setpoint.

2. An MPPT state of an optimizer means that the
optimizer works in MPPT without a PV energy loss,
an output voltage loop of the optimizer does notwork,
and an output voltage of the optimizer is less than
an output voltage reference value of the optimizer.

3. A power limiting state of an optimizer means that
the optimizer works in non-MPPT with a PV energy
loss, an output voltage loop of the optimizer works,
and an output voltage of the optimizer is equal to an
output voltage reference value of the optimizer.

4. A system voltage is a highest voltage that is al-
lowed during working of a system. In any scenario,
it needs to be ensured that a working voltage is less
than the system voltage.

5. A BUS voltage reference value of an inverter is a
setpoint of an input voltage loop of the inverter, and
may be understood as thatitis expected thatan input
voltage of the inverter is maintained at the setpoint.
6. A BUS voltage upper limit value of an inverter is
equal to a sum of REFs of all optimizers in a photo-
voltaic string, and may also be considered as a high-
est voltage set for normal working of the inverter.
Usually, a BUS voltage (an actual output voltage) is
less than the BUS voltage upper limit value.

[0034] It should be noted that, the system voltage is
greater than the BUS voltage upper limit value, and the
BUS voltage upper limit value is greater than the BUS
voltage reference value.

[0035] The foregoing terms are described below with
reference to specific examples. When a BUS voltage is
controlled by an inverter, the inverter controls the BUS
voltage to be maintained at 400 V. If output power of all
photovoltaic components is the same, the BUS voltage
is averaged by five optimizers, so that an actual output
voltage of each optimizer is 80 V. In this case, the opti-
mizer works in an MPPT state. Assuming that an output
voltage reference value REF of the optimizeris 104 V, a
BUS voltage upper limit value is 104 V * 5 = 520 V, less
than a system voltage 600 V.

[0036] Inthe prior art, a photovoltaic power generation
system includes a central control unit. The central control
unit may be aninverter, ormay be anindependent control
module deployed in the system. The central control unit
collects working information of all optimizers at sched-
uled time, including a voltage, a current, power, a tem-
perature, and the like, uniformly processes the working
information to calculate output voltage reference values
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of the optimizers, and delivers the output voltage refer-
ence values of the optimizers one by one to the optimiz-
ers. The optimizer receives the output voltage reference
values delivered by the central control unit and adjusts
a working state based on the received output voltage
reference values. For example, during initialization, an
actual output voltage of an optimizeris less than an output
voltage reference value of the optimizer, and the optimiz-
er works in the MPPT state. If the optimizer is abnormal,
the actual output voltage is increased, and the optimizer
works in a power limiting state after the actual output
voltage reaches the current output voltage reference val-
ue of the optimizer. When a new output voltage reference
value is received, the optimizer is readjusted to be in the
MPPT state.

[0037] However, as a quantity of optimizers increases,
the central control unit needs to collect a large amount
of information before calculating the output voltage ref-
erence value of each optimizer. Therefore, aninformation
collection process is slower and the central control unit
needs to spend a large amount of time in performing a
large amount of operation before obtaining the output
voltage reference value of each optimizer. Usually, when
some optimizers are blocked or failures occur in some
optimizers, output power of the optimizersis reduced. To
preventa power generation capacity of the entire system
frombeing affected, a new output voltage reference value
needs to be rapidly allocated for each optimizer, so that
the optimizer adjusts a working state base on the new
outputvoltage reference value. However, the central con-
trol unit needs to spend a large amount of time in per-
forming the calculation, so that a system response is
slower. In other words, after the foregoing case such as
rapid blocking or component failure occurs, the central
control unit needs to wait for a very long time before de-
livering an updated output voltage reference value to
each optimizer. Consequently, an adjustment process of
the system is slow and a loss of the power generation
capacity is significant.

[0038] The embodiments of the present invention pro-
vide a method for controlling photovoltaic power gener-
ation and a control device. A basic principle of the method
is: A control device delivers an output voltage reference
value update instruction to each optimizer in a photo-
voltaic power generation system, to instruct each opti-
mizer in the system to adjust an output voltage reference
value based on an adjustment coefficient, and further
adjust a working state based on a new output voltage
reference value. In this way, when blocking or a compo-
nent failure occurs, the optimizer in the photovoltaic pow-
er generation system rapidly adjusts an output voltage
reference value, and further adjust a working state base
on a new output voltage reference value, so that the op-
timizer is prevented from being in a power limiting state
foralong time and aloss of the power generation capacity
of the system is small.

[0039] The following describes in detail implementa-
tions of the embodiments of the present invention with
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reference to the accompanying drawings.

[0040] FIG. 2 is a flowchart of a method for controlling
photovoltaic power generation according to an embodi-
ment of the present invention. The method is applied to
the photovoltaic power generation system shown in FIG.
1. As shown in FIG. 2, the method may include the fol-
lowing steps.

[0041] 101. A control device sends an output voltage
reference value update instruction to an optimizerin each
photovoltaic string. The output voltage reference value
update instruction is used to instruct the optimizer to up-
date an output voltage reference value of the optimizer
according to the instruction.

[0042] During specificimplementation, the output volt-
age reference value update instruction is a status param-
eter identifier, and the instruction does not carry any pa-
rameter such as an adjustment coefficient. When receiv-
ing the status parameter identifier (that is, the output volt-
age reference value update instruction) delivered by the
control device, the optimizer updates the output voltage
reference value based on a presetadjustment coefficient.
[0043] Alternatively, before step 101, the control de-
vice determines an adjustment coefficient corresponding
to each photovoltaic string. The adjustment coefficient is
used to instruct each optimizerin each photovoltaic string
in the photovoltaic power generation system to adjust an
output voltage reference value of the optimizer based on
the adjustment coefficient carried in the output voltage
reference value update instruction. In this way, the output
voltage reference value update instruction delivered by
the control device to the optimizer in the photovoltaic
string carries the adjustment coefficient determined by
the control device for the photovoltaic string.

[0044] Itshould be noted that, when the output voltage
reference value update instruction is a status parameter
identifier, an adjustment coefficient K is fixed. When the
output voltage reference value update instruction carries
an adjustment coefficient, the adjustment coefficient K is
adjustable, and the optimizer may calculate a new output
voltage reference value REF based on an actual current
output voltage and the adjustment coefficient.

[0045] 102. The optimizer receives the output voltage
reference value update instruction delivered by the con-
trol device, and updates the output voltage reference val-
ue of the optimizer according to the output voltage refer-
ence value update instruction.

[0046] During specific implementation, if the output
voltage reference value update instruction is a status pa-
rameter identifier, the optimizer updates the output volt-
age reference value based on a preset adjustment coef-
ficient.

[0047] If the output voltage reference value update in-
struction carries an adjustment coefficient, the optimizer
determines a new output voltage reference value based
on U * K, and updates the output voltage reference value
of the optimizer to U * K. U is an actual current output
voltage of each optimizer, and K is the adjustment coef-
ficient.
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[0048] In some embodiments, if a working state of the
control device is a power non-limiting state and an actual
BUS voltage is equal to a BUS voltage reference value,
itis determined that the adjustment coefficientis a natural
number greater than 1. It should be noted that, the BUS
voltage is equal to a voltage of the photovoltaic string.
For example, a BUS voltage upper limit value is equal to
a sum of output voltage reference values of all optimizers
in the photovoltaic string.

[0049] Further, the adjustment coefficient is a ratio of
the BUS voltage upper limit value to the BUS voltage
reference value, and the BUS voltage upper limit value
is greater than the BUS voltage reference value. For ex-
ample, the BUS voltage upper limit value is 440 V, and
the BUS voltage reference value is 400 V, so that it can
be determined that the adjustment coefficient is 440/400
=1.1.

[0050] In some embodiments, if the working state of
the control device is a power limiting state and the actual
BUS voltage is greater than the BUS voltage upper limit
value, it is determined that the adjustment coefficient is
a natural number greater than 0 and less than 1, so that
the BUS voltage (that is, an output voltage) of the pho-
tovoltaic string is reduced.

[0051] In the method provided in this embodiment of
the presentinvention, when a photovoltaic component is
blocked or a photovoltaic component failure occurs, be-
cause a BUS of the system remains unchanged, an out-
put voltage of an abnormal optimizer (an optimizer to
which the blocked photovoltaic component is connected)
is reduced, and an output voltage of a normal optimizer
(an optimizer to which a non-blocked photovoltaic com-
ponent is connected) is increased. When the output volt-
age of the normal optimizer reaches the output voltage
reference value, the normal optimizer exits an MPPT
state and enters a power limiting state, so that output
power of the optimizer is reduced, and output power of
the entire photovoltaic power generation system is also
reduced. In the prior art, a control unit needs to wait for
a very long time before delivering a new output voltage
reference value to an optimizer. Consequently, an ad-
justment process of each optimizer in the system is slow,
leading to a significant loss of a power generation capac-
ity. In this application, however, the control device peri-
odically delivers an output voltage reference value up-
date instruction to the optimizer, so that when the fore-
going failure occurs, the optimizer can rapidly adjust the
REF (thatis, the output voltage reference value) accord-
ing to the received output voltage reference value update
instruction, and the optimizer enters the MPPT state
again to recover to original output power. In this way, the
power generation capacity of the entire photovoltaic pow-
er generation system can be prevented from being af-
fected by a single-point failure.

[0052] Anembodiment of the presentinvention further
provides a method for controlling photovoltaic power gen-
eration. The method is applied to the photovoltaic power
generation system shown in FIG. 1. Using a photovoltaic
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string Ain FIG. 1 as an example, as shown in FIG. 3, the
method may include the following steps.

[0053] 201. An inverter sets an optimal BUS voltage
reference value based on a current scenario.

[0054] For example, the BUS voltage reference value
is UbusRef =400 V.

[0055] 202.Theinverter sets a BUS voltage upper limit
value based on the BUS voltage reference value.
[0056] It should be noted that, it is ensured that the
BUS voltage upper limit value may be greater than the
BUS voltage reference value. However, the BUS voltage
upper limit value needs to be less than a system voltage.
For example, the system voltage is 600 V. The BUS volt-
age upper limit value is 1.1 times that of the BUS voltage
reference value herein, that is, the BUS voltage upper
limit value is UbusLmt = 440 V.

[0057] 203.Theinverter adjusts an output power value
of each optimizer, to control a BUS voltage of the photo-
voltaic string to be maintained at the BUS voltage refer-
ence value.

[0058] 204. If the inverter is in an output-power non-
limiting state and normally works, the BUS voltage is fi-
nally maintained at the reference value, and step 205 is
performed; or if the inverter is in an output-power limiting
state or in a shutdown state, the BUS voltage is greater
than the reference value, and step 206 is performed.
[0059] 205. The BUS voltage is controlled by the in-
verter, and the inverter delivers an REF update instruc-
tion to indicate that K = 1.1.

[0060] It should be noted that, the REF update instruc-
tion is the output voltage reference value update instruc-
tion described in the embodiments of the present inven-
tion, and K is an adjustment coefficient. In this embodi-
ment, K = BUS voltage upper limit value/BUS voltage
reference value = 440/400 = 1.1. In addition, the REF
update instruction may carry the adjustment coefficient
K, or may not carry any parameter. That is, the inverter
and the optimizer pre-specify an adjustment coefficient,
and when receiving the REF update instruction, the op-
timizer updates an output voltage reference value of the
optimizer based on the specified adjustment coefficient.
[0061] In addition, all optimizers in each photovoltaic
string in the photovoltaic system automatically adjust
REFs. Because output currents of all optimizers in the
photovoltaic string are the same, an optimizer having
large power has a high output voltage and large REF,
and an optimizer having small power has a low output
voltage and small REF. Regardless of manners used by
all the optimizers in the photovoltaic string to adjust the
output voltages and the REFs of the optimizers, a sum
of the output voltages of the optimizer and a sum of the
REFs are unchanged, thatis, the BUS voltage upper limit
value of the inverter is unchanged.

[0062] 206. The BUS voltage is controlled by the opti-
mizer, and in a normal scenario, the BUS voltage is main-
tained at the BUS voltage upper limit value, and 201 is
returned to; or in an abnormal scenario, the BUS voltage
is higher than the BUS voltage upper limit value, and 207
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is performed.

[0063] 207. The inverter delivers an REF update in-
struction indicating that K < 1.0, so that all optimizers
automatically reduce REFs, and the BUS voltage is re-
duced.

[0064] It should be noted that, when the inverter is in
the power limiting state or the shutdown state, the output
voltage of the optimizer is equal to the output voltage
reference value. When the output voltage reference val-
ue of the optimizer is reduced, an actual output voltage
of the optimizer is also reduced, and the BUS voltage is
reduced.

[0065] Anembodiment of the presentinvention further
provides a method for controlling photovoltaic power gen-
eration. The method is applied to the photovoltaic power
generation system shown in FIG. 1. Using a photovoltaic
string Ain FIG. 1 as an example, as shown in FIG. 4, the
method may include the following steps.

[0066] 301. An optimizer sets an initial REF.

[0067] The initial REF is an initial output voltage refer-
ence value set by the optimizer for the optimizer. For
example, the initial output voltage reference value REF
=2 V.

[0068] 302. The optimizer determines whether an out-
put voltage of the optimizer is less than the REF.
[0069] Ifthe optimizer worksinan MPPT state, aninput
voltage loop succeeds in competition and an output volt-
ageloop failsin competition, so thatthe optimizer controls
an input voltage and does not control the output voltage.
That is, the output voltage (Uout) is less than the REF,
so that step 303 is performed. If the optimizer works in a
power limiting state, an input voltage loop fails in com-
petition and an output voltage loop succeeds in compe-
tition, the optimizer does not control an input voltage but
controls the output voltage, and Uout is equal to the REF
(where the output voltage may be greater than the REF
in an abnormal scenario), so that step 304 is performed.
[0070] 303. The optimizer enters an MPPT state, and
output power varies with light.

[0071] 304. The optimizer exit an MPPT state and ad-
justs output power of the optimizer to control the output
voltage of the optimizer at the REF.

[0072] 305. The optimizer waits for an REF update in-
struction delivered by an inverter, and if the optimizer
receives the REF update instruction delivered by the in-
verter, step 306 is performed; otherwise, step 302 is re-
turned to.

[0073] 306. After receiving the instruction, the optimiz-
er automatically updates the REF to K times that of Uout.
[0074] Thatis, the REF is updated to Uout * K. Uout is
an actual current output voltage of the optimizer. If the
inverter is in an output-power non-limiting state and nor-
mally works, a BUS voltage is controlled by the inverter,
and the inverter delivers a coefficient K > 1.0. If some
optimizers work in the power limiting state, and this is
represented by that the output voltage = REF, after re-
ceiving the instruction, the optimizers proactively in-
crease REFs, exit the power limiting state, and enter the
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MPPT state.

[0075] The following describes how to rapidly adjust,
in the method provided in this embodiment of the present
invention, a system when a photovoltaic component is
blocked or a photovoltaic component failure occurs.
[0076] The photovoltaic string A in FIG. 1 is used as
an example for description. To simplify calculation, the
following assumptions are provided.

a. The photovoltaic string A includes eight photo-
voltaic components that are connected in series, and
maximum power of each photovoltaic component is
200 W.

b. A wire loss is ignored, and conversion efficiency
of an optimizer is 100%.

c. An inverter sets a BUS voltage reference value to
400 V, a BUS voltage upper limit value is 440 V and
less than a system voltage 600 V, and K =BUS volt-
age upper limit value/BUS voltage reference value,
where K = 1.1 herein.

[0077] Iftheinverteris in an output-power non-limiting
state and normally performs grid-tied power generation,
all optimizers work in an MPPT state, an output voltage
is controlled by the inverter, and the inverter controls a
sum of output voltages (a BUS voltage) of the optimizers
to be 400 V. An input current of the inverter is Is =
(XPn)Ugys = (200 W * 8)/400 V =4 A.

[0078] Pnrepresents power of an nth photovoltaic com-
ponent, and Ubus is the BUS voltage. Further, it is ob-
tained through calculation that the input current of the
inverter is 4 A, and an output voltage of each optimizer
is Ug=Pn/Is=200 W/4A=50V.

[0079] Because output power of all photovoltaic com-
ponents is 200 W, output voltages of all optimizers are
50 V.

[0080] The inverter delivers an REF update instruction
at scheduled time, where K = 1.1. The optimizer calcu-
lates and updates the REF after receiving the instruction.
A formula is as follows:

REF =U,*K

[0081] A calculated REF is 55 V. If the power of the
photovoltaic component is unchanged, the output volt-
age of the optimizer is unchanged, and the value of the
REF is unchanged although the REF is being continually
updated.

[0082] If the inverteris in a power limiting or shutdown
scenario, delivering of an REF update instruction is
paused, and the REF of the optimizer remains 55 V. Be-
cause the power of the photovoltaic componentis greater
than output power of the optimizer, the output voltage of
the optimizer is naturally increased and is finally limited
to 55 V, the BUS voltage is limited to 440 V and is main-
tained at the set upper limit value. In this case, the BUS



15 EP 3 605 837 A1 16

voltage is controlled by the optimizer, and the optimizer
works in a power limiting state.

[0083] As shown in FIG. 5, one photovoltaic compo-
nentin the photovoltaic string A is blocked. When output
power is reduced to 40 W, in an ideal scenario, the BUS
voltage is maintained by the inverter at 400 V. In this
case, according to the foregoing formula, the input cur-
rent is reduced to (200 W * 7 + 40 W)/400 V = 3.6 A, an
output voltage of an optimizer of a normal photovoltaic
component (normal optimizer for short below) is in-
creased to 200 W/3.6 A =55.56 V, and an output voltage
of an optimizer of a blocked photovoltaic component
(blocked optimizerfor short below)is reduced to 40 W/3.6
A=1111V.

[0084] Currently, the REFs of all optimizers are still 55
V. Therefore, the output voltage of the normal optimizer
is greater than the REF, and the optimizer exits the MPPT
state and enters the power limiting state. The output volt-
age of the blocked optimizer is less than the REF, and
the blocked optimizer still works in the MPPT state. In an
actual scenario, the inverter still maintains the BUS volt-
age at 400 V, the output voltage of the normal optimizer
is equal to the REF and is 55 V, the output voltage of the
blocked optimizeris 15V (15V =400V - 55V * 7). The
input current of the inverter is 2.67 A (40 W/15 V), actual
current total output power is 1067 W (55 V *2.67 A * 7
+ 40 W), less than total output power 1440 W (200 W *
7 + 40 W) allowed by the system. This leads to a loss of
a power generation capacity.

[0085] The inverter delivers an REF update instruction
atscheduledtime, where K= 1.1, the optimizer calculates
and updates the REF after receiving the instruction, so
that an REF of the normal optimizer is increased to 60.5
V (55 V * 1.1), and an REF of the blocked optimizer is
reducedto 16.5V (15V * 1.1). After the REF is increased,
the normal optimizer exits the power limiting state and
enters the MPPT state. The blocked optimizer still works
in the MPPT state after the REF is reduced. The inverter
still maintains the BUS voltage at 400 V. In this case, an
output current is increased to 3.6 A, the output voltage
of the normal optimizer is increased to 55.56 V, and the
output voltage of the blocked optimizer is reduced to
11.11V, and actual current total output power is 1440 W
(55.56 V * 3.6 A* 7 + 40 W), equal to total output power
allowed by the system, and system power has no loss.

[0086] When the inverter further delivers an REF up-
date instruction, where K = 1.1, the optimizer calculates
and updates the REF after receiving the instruction, so
that the REF of the normal optimizer is slightly increased
to 61.11 V (55.56 V * 1.1), and the REF of the blocked
optimizer is slightly reduced to 12.22 V (11.11 V * 1.1).
All optimizers still work in the MPPT state, the system
power has no loss and is stable again. The REFs of the
optimizers no longer vary with the REF update instruc-
tion.

[0087] Inthis case, iftheinverteris in the power limiting
or the shutdown scenario, delivering of an REF update
instruction paused, the REF of the normal optimizer is
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maintained at 61.11 V, the REF of the blocked optimizer
is maintained at 12.22 V, and the output voltages of all
the optimizers are naturally increased, and are finally lim-
ited at the REFs of the optimizers, and the BUS voltage
is still limited at440 V, that is, maintained at the set upper
limit value. In this case, the BUS voltage is controlled by
the optimizer, and all the optimizers work in the power
limiting state.

[0088] The foregoing mainly describes, from the per-
spective of interaction between devices, the solutions
provided in the embodiments of the present invention. It
may be understood that to implement the foregoing func-
tions, the control device in the embodiments of the
present invention includes corresponding hardware
structures and/or software modules for performing the
functions. A person of ordinary skillin the art should easily
be aware that, in combination with the examples de-
scribed in the embodiments disclosed in this specifica-
tion, units, algorithms steps may be implemented by
hardware or a combination of hardware and computer
software. Whether a function is performed by hardware
or hardware driven by computer software depends on
particular applications and design constraints of the tech-
nical solutions. A person skilled in the art may use differ-
ent methods to implement the described functions for
each particular application, but it should not be consid-
ered that the implementation goes beyond the scope of
the present invention.

[0089] In the embodiments of the present invention,
the control device in the embodiments of the present in-
vention may be divided into functional modules according
to the foregoing method embodiment. For example, the
functional modules may be divided corresponding to the
functions, or two or more functions may be integrated
into one processing module. The integrated module may
be implemented in a form of hardware, or may be imple-
mented in a form of a software functional module. It
should be noted that the division of the modules in the
embodiments of the presentinvention is an example and
is merely division of logical functions. There may be other
division manners during actual implementation.

[0090] When the functional modules are divided based
on corresponding functions, FIG. 6 is a possible sche-
matic composition diagram of the control device in the
foregoing embodiments. As shown in FIG. 6, the control
device may include a sending unit 401.

[0091] The sending unit 401 is configured by the con-
trol device to perform step 101 in the method shown in
FIG. 2.

[0092] As shown in FIG. 7, the control device further
includes a determining unit 402.

[0093] When an integrated unit is used, FIG. 8 is an-
other possible schematic composition diagram of the
control device in the foregoing embodiments. As shown
in FIG. 8, the control device includes: a processing mod-
ule 501 and a communications module 502.

[0094] The foregoing descriptions are merely specific
implementations of this application, but are not intended
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to limit the protection scope of this application. Any var-
iation or replacement within the technical scope dis-
closed in this application shall fall within the protection
scope of this application. Therefore, the protection scope
of this application shall be subject to the protection scope
of the claims.

Claims

1. A method for controlling photovoltaic power gener-
ation, applied to a photovoltaic power generation
system, wherein the photovoltaic power generation
system comprises at least one photovoltaic string
and a control device, the photovoltaic string compris-
es at least one photovoltaic module, each photo-
voltaic module comprises a photovoltaic unit and an
optimizer that is connected to the photovoltaic unit,
and the photovoltaic unitcomprises at least one pho-
tovoltaic component, and comprising:

periodically sending, by the control device, an
output voltage reference value update instruc-
tion to the optimizer, wherein the output voltage
reference value update instruction is used to in-
struct the optimizer to update an output voltage
reference value; and

receiving, by the optimizer, the output voltage
reference value update instruction, and updat-
ing the output voltage reference value according
to the output voltage reference value update in-
struction.

2. The method according to claim 1, wherein the opti-
mizer is a direct current DC/DC converter, and a to-
pology of the optimizer is any one of Buck, Boost,
Buck-Boost, and Boost-Buck.

3. The method according to claim 1 or 2, wherein a
communication manner between the control device
and the optimizer is a wired communication manner
or a wireless communication manner.

4. The method according to any one of claims 1 to 3,
wherein the output voltage reference value update
instruction is a status parameter identifier, and the
status parameter identifier is used to instruct the op-
timizer to update the output voltage reference value
based on a preset adjustment coefficient; or
the output voltage reference value update instruction
carries an adjustment coefficient determined by the
control device, so that the optimizer updates, after
receiving the output voltage reference value update
instruction, the output voltage reference value based
on the adjustment coefficient that is determined by
the control device before the control device sends
the output voltage reference value.
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10

A method for controlling photovoltaic power gener-
ation, applied to a photovoltaic power generation
system, wherein the photovoltaic power generation
system comprises at least one photovoltaic string
and a control device, the photovoltaic string compris-
es at least one photovoltaic module, each photo-
voltaic module comprises a photovoltaic unit and an
optimizer that is connected to the photovoltaic unit,
and the photovoltaic unit comprises at least one pho-
tovoltaic component, and comprising:

periodically sending, by the control device, an output
voltage reference value update instruction to the op-
timizer, wherein the output voltage reference value
update instruction is used to instruct the optimizer to
update an output voltage reference value.

The method according to claim 5, wherein the output
voltage reference value update instruction is a status
parameter identifier, and the status parameter iden-
tifier is used to instruct the optimizer to update the
output voltage reference value based on a preset
adjustment coefficient.

The method according to claim 5, wherein the before
periodically sending, by the control device, an output
voltage reference value update instruction to the op-
timizer, the method further comprises:

determining, by the control device, an adjustment
coefficient corresponding to the optimizer, wherein
the adjustment coefficient is used to instruct the op-
timizer to update the output voltage reference value
based on the adjustment coefficient.

The method according to claim 7, wherein the output
voltage reference value update instruction carries
the adjustment coefficient.

A control device, comprising:

a sending unit, configured to periodically send
an output voltage reference value update in-
structionto an optimizer, wherein the output volt-
age reference value update instruction is used
toinstruct the optimizer to update an output volt-
age reference value, wherein

the optimizeris deployed in a photovoltaic power
generation system, the photovoltaic power gen-
eration system comprises at least one photo-
voltaic string and a control device, the photo-
voltaic string comprises atleast one photovoltaic
module, each photovoltaic module comprises a
photovoltaic unit and an optimizer that is con-
nected to the photovoltaic unit, and the photo-
voltaic unit comprises at least one photovoltaic
component.

10. The control device according to claim 9, wherein the

output voltage reference value update instruction is
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a status parameter identifier, and the status param-
eter identifier is used to instruct the optimizer to up-
date the output voltage reference value based on a
preset adjustment coefficient.

The control device according to claim 9, further com-
prising a determining unit, wherein

the determining unit is configured to: before the
sending unit periodically sends an output voltage ref-
erence value update instruction to the optimizer, de-
termine an adjustment coefficient corresponding to
the optimizer, wherein the adjustment coefficient is
used to instruct the optimizer to update the output
voltage reference value based on the adjustment co-
efficient.

The control device according to claim 11, wherein
the output voltage reference value update instruction
carries the adjustment coefficient.

A photovoltaic power generation system, wherein
the photovoltaic power generation system compris-
es at least one photovoltaic string and a control de-
vice, the photovoltaic string comprises at least one
photovoltaic module, each photovoltaic module
comprises a photovoltaic unit and an optimizer that
is connected to the photovoltaic unit, and the photo-
voltaic unit comprises at least one photovoltaic com-
ponent, wherein

the control device is configured to periodically send
an output voltage reference value update instruction
to the optimizer in each photovoltaic string, wherein
the output voltage reference value update instruction
is used to instruct the optimizer in each photovoltaic
string to update an output voltage reference value;
and

the optimizeris configured to: receive the output volt-
age reference value update instruction, and update
the output voltage reference value according to the
output voltage reference value update instruction.
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